Introduction
In the order Artiodactyla, the cloven-hooved mammals, there are a number of families and cattle belong to the genus Bos within the Family Bovidae. All modern cattle have developed by natural selection into many distinct species including, amongst others, Bubalus bubalis, the domesticated Asian buffalo, Bos taurus, the domesticated cow of Europe, and Bos indicus, the domesticated zebu of India/Asia and Africa.
Improved buffalo and zebu production could significantly enhance the economy and living standards of many rural communities throughout the world. The purpose of this present review is not to cite every publication concerning cattle but rather to highlight both the similarities and differences between buffaloes, cows and zebu in an attempt to emphasize areas in which greatest gains are to be made in the future of the unrealized potential of the buffalo and zebu compared to the highly developed Western cow. Care must be taken to substantiate in great detail the similarities and differences between the species before blindly applying techniques known to be successful for cows to buffaloes and zebu.
During its development the cow has been directed in two separate ways to satisfy the demands of (a) the dairy industry by concentrating on the production of large amounts of milk, and (b) the beef industry by emphasizing low-cost meat production. As a consequence certain aspects of reproductive efficiency are differently affected between beef and dairy cows and when relevant these will be pinpointed.
The diploid chromosome number of bovids varies from 30 to 60 but the fundamental number varies only from 58 to 62. This indicates an almost exclusive use of the Robertsonian translocation mechanism of karyotype evolution (Wurster & Benirscke, 1968) . The river-type buffalo, e.g. the Murrah from India, has a diploid number of 50 compared to 48 for the swamp-type buffaloes from S.E. Asia. The Murrah has two extra acrocentric chromosomes which are presumably translocated onto the short arms of the number 1 autosome of the swamp buffalo. Differential staining shows that Egyptian water buffaloes, with a diploid number of 50, are closely related to Murrah buffalo (Cribiu & Obeidah, 1978) . Hybridization between Murrah and swamp buffaloes is possible and the hybrids are fertile.
The diploid number for the cow and the zebu is 60 and, although they hybridize with each other, neither voluntarily interbreeds with buffaloes. Differential C band and G band staining is similar for both species (Potter, Upton, Cooper & Blackshaw, 1979) , but biochemical evidence confirms that they are distinct species despite their lack of reproductive isolation (Manwell & Baker, 1980 (Milk Marketing Board, 1980) . The average estimated milk yield per cow was 4600 litres over 305 days; this contrasts sharply with 1400-1850 litres over a total lactation of 270 days for the Murrah buffalo and only 230-870 litres for the swamp buffalo. Apart from advances made by genetic selection, Western dairy cows are placed under great stress for milk production and as a result are in negative energy balance for at least some of the lactation period. These excessive demands have marked effects on the cows and 25% are culled 'for reproductive reasons' (Young et al., 1983) ; 35% of problem cows had cystic ovaries, but only 10% endometritis. Similar analysis for causes of subfertility in buffaloes and zebu reveals a completely different picture: there is a long post-partum interval to fertile heat and the incidence of endometritis can be as high as 20% (Rao, 1981; Rao & Sreemannarayana, 1982) . Suckling of buffalo and zebu calves is also prevalent for much longer periods than in cow herds. It is important to remember that these management factors will affect reproductive efficiency as well as any species differences. This is also obvious when comparing the two types of cows: many beef breeding units are maintained in a free-range suckling system on moderately poor pasture and so nutritive stresses are important. The differences attributable to suckling will be dealt with in more detail during consideration of the endocrinology of the post-partum period.
Puberty
The attainment of puberty depends largely on body weight (Sorensen et ai, 1959) . In wellnourished buffaloes the first signs of oestrus occur at 15-18 months of age and 198 kg body weight, although in field conditions puberty has been reported at 24-36 months (Bhattacharaya, 1974) . Once oestrous cycles are initiated oestrus appears with normal regularity. The first calving of buffaloes occurs at a body weight of about 480 kg between 33 and 45 months although many do not calve until much later (Lundström, Abeygunawardena, de Silva & Perera, 1982) .
In cows puberty is attained at about 7-12 months and 250-300 kg body weight. First service is usually delayed to about 15 months, with consequent calving at 24-36 months. Puberty occurs at a later age in zebu, and at a higher percentage of adult body weight. Corpora lutea are palpable in well-fed heifers at 14-24 months (Piasse, Warnick & Koger, 1968b) . However, there have been other exceptional reports of first oestrus not occurring until 42-52 months. Oyedipe, Osori, Akerejola & Saror (1982) reduced the age at puberty by improved protein feeding and achieved conception rates of 58-8% over a 90-day breeding period at an average of 21 months.
Little is known concerning the precise effect of level of nutrition, or growth rates, on puberty in buffaloes. In cows variations in food intake affect the age at which puberty is attained (Wiltbank, Kasson & Ingalls, 1969) although some factor(s) other than weight may be involved. Short & Bellows (1971) have also shown that there is a higher pregnancy loss in poorly-fed heifers and heavy losses in subsequent milk production also occur. Data are also very scarce concerning endocrine characteristics in pre-and post-pubertal buffalo and zebu heifers. It is not known whether the delay in expression of the first oestrus is due to inadequate growth rates or to very poor expression of the first oestrus at the start of ovarian cyclicity. Establishment of optimum growth rates and a greater understanding of the endocrin¬ ology of puberty may increase reproductive efficiency of buffaloes and zebu.
Detailed endocrine studies of cow heifers (Gonzalez-Padilla, Wiltbank & Niswender, 1975a; Schams, Schallenberger, Gombe & Karg, 1981) have revealed low plasma luteinizing hormone (LH) values (10 ng/ml) at birth with a subsequent marked fluctuation around 3 ng/ml occurring before puberty. Progesterone concentrations were very low until the first oestrus was detected. After first oestrus, normal luteal patterns, with plasma progesterone values reaching 4 ng/ml, were observed. Measurements of endogenous peripheral values of follicle-stimulating hormone (FSH) and prolactin have so far been unhelpful. Oestradiol concentrations, typical of mature cows, increased over the period 8 days before puberty (Glencross, 1984) .
Once the hypothalamus-pituitary axis has matured in response to body weight, progesterone plays a key role in the changes leading to puberty. Injections of oestradiol evoked a release of LH in prepubertal heifers but normal corpora lutea were formed only in those animals pre-treated with progesterone (González-Padilla, Niswender & Wiltbank, 1975b) . While the age at first oestrus can be controlled to a certain extent by feeding this is not always the most economical/practical approach. Gonzales-Padilla, Riuz, LeFever, Denham & Wiltbank (1975c) have achieved acceptable conception rates after oestradiol-progestagen treatments. Little is known for bovine species about body weight and the maturation of the hypothalamic axis, although studies are beginning in sheep (Foster, Yellon & Olster, 1984) .
Anatomy
There is a considerable similarity in the anatomy of the reproductive organs of buffaloes, cows and zebu. The smaller total body size of buffaloes compared to cows reflects the small size of most buffalo organs (Table 1) . There are insufficient available data for zebu.
The ovaries are ovoid and small follicles are always present at the surface. The developing corpus luteum of the buffalo is pinkish grey in colour, with red veining (not normally yellow as in the cow). The red veining disappears in the regressing corpus luteum which finally becomes dull grey in colour.
The gross anatomy of the oviducts and bicornuate uterus is similar but the cervix of the buffalo is narrower and the lumen more tortuous than in the cow. There are similar cyclic changes in the uterine endometrium during the oestrous cycle; cell height increases after ovulation to mid-cycle, then declines again (Ghannam & Deeb, 1966) . In each species there are also cyclic changes in vaginal smears, cervical mucus ferning patterns, body temperature and pH but these are not useful for predicting the time of ovulation very reliably. Ovary length (cm) 2-2-2-9 2-8-3-8
Ovary weight (g) 30-4-0 5-0-9-4 Diameter of biggest follicle (cm)
1-4-1-7 1-9-2-2
Diameter of mature corpus luteum (cm) (Hafez, 1954; Rahka, Igboeli & Hale, 1970) . The duration of oestrous symptoms ranges from 11-92 to 28-47 h in buffaloes compared with 12-5 to 27-8 h in cows but the intensity of signs is lower in buffaloes (El-Sheikh & El-Fouly, 1971 ; Kanai & Shimizu, 1983) . Singh, Singh, Sharma & Sharma (1984) suggest that vulval discharge of clear mucus, especially in the recumbent animal, is the most reliable single sign of oestrus available to the buffalo stockman.
In the cow, 'standing to be mounted' is the most useful single sign used by dairy herdsmen (Williamson, Morris, Blood, Cannon & Wright, 1972a (Asdell, 1964) . The duration of the oestrus in each species is variable being 10-30 h. Ovulation occurs spontaneously about 10 h after the end of oestrus (Asdell, 1964; Adeyemo, Heath, Steinbach & Adadevoh, 1979) .
Buffaloes and zebu are characterized by a marked seasonal pattern of breeding (Jöchle, 1972; Roy, Bhattacharya & Luktuke, 1972 (Roy et ai, 1968; Mehta, Gangwar, Srivastava & Dhingra, 1979) . Swamp buffaloes of Malaya have oestrous periods all year but more regularly in hot weather, April-July (Asdell, 1964) .
There has been an indication that breeding efficiency in dairy cows (Bulman & Lamming, 1978) and beef cows (Peters & Riley, 1982) is seasonal in Britain but in temperate climates this has not been a serious handicap to the dairy or beef industry.
Hours of daylight are important in controlling seasonality in cows but other factors include temperature and nutrition. Similarly for buffaloes and zebu, but other correlated environmental factors, e.g. temperature, rainfall and food supply, appear to be of overriding importance (Rahka & Igboeli, 1971; Jöchle, 1972 Pandey (1982a) and Batra & Pandey (1983a) ; for swamp buffalo after Kanai & Shimizu (1984) ; and for cows after Dobson & Dean (1974) , Kindahl et al. (1976) and Dobson (1978a) .
until Day 14-16 with a lower mean value of 1-51-2-6 ng/ml in swamp buffalo (Kamonpatana e/ ai, 1979b; Jainudeen, Bongso & Tan, 1982; Kanai & Shimizu, 1984) compared to values of 4-00-4-26 ng/ml in Murrah buffaloes (Bachlaus, Arora, Prasad & Pandey, 1980; Arora & Pandey, 1982a) . This is a real difference between breeds and is reflected in milk fat and whole milk progesterone measurements (Kamonpatana, Ngramsuriyaroj, Srisakwattana & Chantaraprateep, 1983a) .
A heat-stress influence on peripheral plasma progesterone may be mediated by the level of nutrition. Kaur & Arora (1984) found lower progesterone values and an onset of ovarian inactivity during hotter months in buffalo fed sub-optimally, compared with similar animals receiving adequate nutrients.
Profiles of plasma progesterone are similar in dairy and beef cows although even greater luteal values of 6-0-7-0 ng/ml have been reported (Stabenfeldt, Ewing & McDonald, 1969; Donaldson, Bassett & Thorburn, 1970) . Frequent sampling of vena cava blood has revealed pulsatile release of progesterone from the ovary (Walters, Schams & Schallenberger, 1984 (Adeyemo & Heath, 1980) .
The concentration of progesterone in milk parallels that in plasma. In Murrah buffaloes, whole milk values at oestrus range from 0-5 to 4-17ng/ml and luteal-phase values range from 180 to 24-75 ng/ml (Batra, Arora, Bachlaus & Pandey, 1979; Arora, Batra, Pahwa, Jain & Pandey, 1980; Singh & Puthiyandy, 1980) where in oestrous cows whole milk values range from 0-1 to 4 ng/ml, with luteal-phase values of 10-60 ng/ml (Dobson, Midmer & Fitzpatrick, 1975; Bulman & Lamming, 1978 Oxytocin. Measurements of oxytocin in the cow show that the circulating values increase to a maximum of 64 pg/ml and decrease in synchrony with changes in progesterone concentration, falling to a minimum at oestrus (0-5 pg/ml: Schams, 1983) . The presence of oxytocin in the corpus luteum suggests that the changing blood concentrations during the cycle reflect luteal biosynthesis, and there is now considerable evidence that oxytocin is involved in the control of luteolysis (Wathes, 1984) . Ovarian (Fig. lc) . Some reports (Dobson & Dean, 1974; Glencross & Pope, 1981) refer to further increases during the early luteal phase, Days 5-7, reflecting follicular growth at this time (Rajakoski, 1960) . It has been reported that Murrah buffaloes have higher overall plasma oestradiol concentrations than do swamp buffaloes and cows. Values in the luteal phase of 10-15 pg/ml, and at oestrus of 31-34 ± 1-70 pg/ml, in Murrah buffaloes (Batra & Pandey, 1982) compare with the lower values of 2-9pg/ml and 90-130pg/ml respectively for swamp buffaloes (Kanai & Shimizu, 1984; Avenell, Saepudin & Fletcher, 1985) , and 1-6 pg/ml and 10-15 pg/ml respectively in cows (Dobson & Dean, 1974; Glencross & Pope, 1981 (Batra & Pandey, 1982) compared to lower values of 15 pg/ml and 36 pg/ml at respective stages in cows (Pandey, Pahwa, Suri & Batra, 1981) . This may reflect the higher fat content of buffalo milk (Kay, 1974) as 65% of milk oestradiol is located in the lipid phase (Wolford & Argoudelis, 1970) and analyses on defatted cow milk have revealed very similar concentrations to those in plasma (Glencross & Abeywardene, 1983) .
Prostaglandins. The concentration of 13,14-dihydro-15-keto-prostaglandin F-2a (PGFM; a major metabolite of PGF-2a) increases in buffalo blood from about 250 to 900 pg/ml over the period 2-3 days before oestrus (Batra & Pandey, 1983a) . The daily profiles in buffalo milk are very similar. The same pattern in plasma has been reported for cows (Fig. 1 b) albeit at slightly lower concentrations of 40-100 pg/ml for baseline values with peaks ranging from 150-570 pg/ml (Kindahl, Edqvist, Bane & Granstrom, 1976 Detailed studies in cows (Kindahl et al., 1976) have revealed a pulsatile release of PGFM with the first significant rise (baseline 50 pg/ml increasing to 200-300 pg/ml) occurring just before the release of progesterone. However, subsequent PGFM release occurs with greater frequency and amplitude during the continued demise of the corpus luteum. Enucleation of the corpus luteum, or prostaglandin analogue administration before Day 12 of the cycle, does not result in PGFM release (Kindahl, Lindell & Edqvist, 1980 (Thatcher et al., 1984) . No Razdan & Galhotra, 1980; Arora & Pandey, 1982a ; Kanai & Shimizu, 1984; Avenell et al., 1985) . Similar values were obtained for zebu by Carr (1972) , and for cows by Snook, Saatman, & Hansel (1971) ; Schams, Schallenberger, Hoffman & Karg (1977) and Dobson (1978a) .
Attempts have been made to compare LH values in buffaloes in various physiological states; however, with daily sampling regimens significant differences were not detected Arora & Pandey, 1982b) . This is not surprising as studies in cows and calves have shown differences in LH only after sampling as frequently as every 15 min because of the short-lived LH pulses (Rahe, Owens, Fleeger, Newton & Harms, 1980; Pelletier, Carrez-Camous & Thiery, 1981; Schams et al., 1981) . Such pulsatile release of LH has not yet been confirmed in buffalo or zebu.
In the cow during the early luteal phase (Day 3) LH pulses are of low amplitude (0-3-1-8 ng/ml) and high frequency (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) pulses/24 h) with each cow exhibiting an inherent rhythm. During the mid-luteal period the pulse amplitude increases (1-2-70ng/ml) and the frequency decreases (6-8 pulses/24 h). High values of LH (15-65 ng/ml) are found at the onset of oestrus (+8h) (Niswender, Reichert, Midgley & Nalbandov, 1969; Schams et al., 1977; Dobson, 1978a) .
Throughout this preovulatory surge, LH still fluctuates in a pulsatile manner. There is good evidence from sheep (Goodman & Karsch, 1981) (Razdan, Kaker & Galhotra, 1982) . No FSH results are available for zebu.
Studies from cows give results in equivalents of NIH-FSH-B1 but there is great discrepancy in absolute values ranging from 10 to 400 ng/ml during the luteal phase, with maximum values at oestrus from 78 to 600 ng/ml (Akbar, Reichert, Dunn, Kaltenbach & Niswender, 1974; Schams & Schallenberger, 1976; Dobson, 1978a; Barnes, Kazmer, Brierly, Richardson & Dickey, 1980 (Dobson, 1978a) The oestradiol increase before oestrus is associated with small but significant increases in LH (buffaloes: Kanai & Shimizu, 1984; cows: Rahe et ai, 1980) . In cows the increase in LH is a reflec¬ tion of increased frequency of LH pulses which in turn stimulate pulsatile oestradiol production by the ovary . Jain & Pandey (1984) have reported that values of oestradiol continue to rise to reach a maximum 8-17 h before the onset of oestrus in buffaloes using a combination of criteria to establish onset of oestrus. However, it is difficult to be precise about the exact time of oestrus in relation to maximum oestradiol values. This is highlighted by Kaker et al. (1980) who found LH concentrations at the onset of oestrus in only 6 out of 14 buffaloes studied. In the remaining animals LH surges occurred 4-48 h later, even though a vasectomized bull was used for detection of oestrus.
The duration of raised LH values > 10 ng/ml is similar, 6-10 h, in buffaloes (Batra & Pandey, 1982; Avenell et al., 1985) , cows (Schams et al., 1977; Dobson, 1978a) and zebu (Carr, 1972) .
Oestradiol is the stimulus that triggers oestrous behaviour and the gonadotrophin surge. Exogenous oestradiol induces a preovulatory-like surge of LH in cows (Beck & Convey, 1977; Peters & Lamming, 1984) although not in the presence of raised progesterone values (Kesner, Convey & Anderson, 1981) . This effect of oestradiol is mediated at least in part by the release of GnRH from the hypothalamus and in part by increased responsiveness of the pituitary to GnRH. The ability of the pituitary to release LH and FSH in response to GnRH is increased by raised oestradiol concentrations (Kesner et ai, 1981) .
In buffaloes and cows LH increases dramatically (the preovulatory surge) at the same time as oestradiol values decline. If human chorionic gonadotrophin (hCG; predominant LH activity) is administered to cows just before oestrus, there is an immediate premature decline in oestradiol values with the formation of a normal corpus luteum (Bhattacharya, 1974) , the important factor is the arrival of spermatozoa capable of fertilization within the location of the egg (Hunter, 1980; for review) . Spermatozoa require at least 4-5 h in the female tract to complete the process of capacitation before successful fertilization can take place. The greatest percentage fertility is obtained after AI between midoestrus and 6 h after the end of oestrus which is equivalent to the period 24-7 h before ovulation. Only a small fraction of the ejaculate reaches the upper oviduct at time of fertilization. The probability of post-ovulatory ageing of the egg before sperm penetration is very low with natural mating but if AI is employed the female gamete may undergo deterioration before fertilization. It takes only [6] [7] [8] (Ayalon, 1978) . Data on fertilization rates in buffalo and zebu by natural service or by AI are meagre. There has been a suggestion that low fertilization rates occur in Brahman cattle (Piasse, Warnick & Koger, 1970) (Betteridge, Eaglesome, Randall & Mitchell, 1980) . However, interaction between the blastocyst and the maternal system occurs before this stage (Fig. 2) .
Classical morphological evidence in the cow suggested that attachment did not begin until after Day 30 (Winters, Green & Comstock, 1942) when chorionic (trophoblastic) villi make contact with specific maternal tissues in the crypts of the caruncles. However, ultrastructural studies have shown that the first phase of adhesion of the cow embryo has begun by the 19th day. Placentation in the cow involves apposition, adhesion and attachment in the intercaruncular and caruncular regions at about the same time (King, Atkinson & Robertson, 1982) (Fig. 2) . In repeat breeder cows earlier losses occur with a wastage rate of 42% by Days 6-7 soon after the normal embryo has entered the uterus (Ayalon, 1978 (Stott & Williams, 1962) . The causes of early embryonic loss may involve altered uterine biochemistry (Ayalon, 1978) , possibly brought about by hormonal imbalances (Flint, 1984 (Mason, 1974) . Zebu have a 292-day pregnancy (Piasse, Warnick & Koger, 1968c) . Cows have a shorter gestation length of about 285 days; for each species there are, however, documented breed differences. This is important when considering the correct timing for induction of parturition (see later).
Interesting studies have been carried out using embryo transfer to produce cow-zebu twin calves by transferring Day 6-8 zebu or cow embryos to previously inseminated cow or zebu dams (Summers, Shelton & Edwards, 1983 ). There were substantial losses (33%) after 7-8 weeks of pregnancy which may reflect an adverse immunological reaction due to genetic disparity and facilitated by common blood circulations when the bovine fetus becomes immunocompetent. In addition the cow fetuses were capable of initiating parturition around 284 days even when in the contralateral horn to the corpus luteum in zebu dams, which usually have a gestation length of about 292 days. This During the first two-thirds of pregnancy in each species the rate of growth of the placenta exceeds that of the fetus; during the last third the situation is reversed-this is when nutritional stresses affecting the birth weight and survival are important. The weight of fetal membranes and oestrogen production are proportional to the size of the calf (Bhattacharya, 1974; Osinga & Hazeleger, 1979) .
The total number of placentomes in the pregnant zebu uterus is about 69 (Stickland & Purton, 1977) , significantly lower than the figures of 70-142 quoted for the cow. This reduction may reflect the often poor nutritional status of the zebu as has been shown for the ewe (Everitt, 1968) and in turn may be responsible for the poor calf survival rates in this species (Turner, 1980 (Batra & Pandy, 1983a) or cow (Kindahl et al., 1976 ) is pregnant. As well as altering prostaglandin release, the embryo stimulates a luteotrophic effect possibly by its own steroid-synthesizing ability and/or by producing a protein which maintains luteal progesterone synthesis (Hansel, 1981) . Nancarrow, Wallace & Grewal (1981) have shown, by a rosette-inhibition test, the presence of an early pregnancy factor in the blood of cows 4 days after insemination. Development of such a technique for pregnancy diagnosis might be very useful (Shaw & Morton, 1980) . Measurements during mid-pregnancy are sparse. There is very little change in plasma LH (average 0-5 ng/ml) and progesterone (average 1-5 ng/ml) throughout the whole of pregnancy in swamp buffaloes (Kamonpatana, 1984) as in cows (Schams, Hoffman, Fischer, Merz & Karg, 1972) and zebu ) although average progesterone values are higher (60 ng/ml) in pregnant cows and zebu than in buffaloes (Fig. 3) (Melampy et al., 1959) although some authors (MacDonald, McNutt & Nichols, 1953; Zimbelman, Loy & Casida, 1961; Ainsworth & Ryan, 1967) claim that negligible amounts of progestagens are synthesized by the bovine placenta. The corpus luteum of pregnancy produces large amounts of progesterone throughout the whole of pregnancy but a contribution by the placenta or the adrenals (Wendorf, Lawyer & First, 1983) (Kamonpatana, 1984) and Day 100 in cows (Robertson & King, 1979 Kamonpatana (1984) ; and for cows after Dobson & Dean (1974) , Robertson (1974) , Robertson & King (1979) , Thatcher et al. (1980) and Kaker et al. (1984) .
temporal discrepancy with placental progestagen synthesis may be due to different sources of material, i.e. direct tissue synthesis may be detectable earlier than increased peripheral plasma concentrations. Nearer the end of pregnancy the placenta appears to switch solely to oestrogen synthesis. This is documented for cows (Evans & Wagner, 1981) but only recorded as peripheral hormone values in zebu and buffaloes (Perera, Abeygunawardena, (Thamotharam, Kindahl & Edqvist, 1981; Batra et al., 1982; Kamonpatana, 1984) . Circumstantial evidence is provided for buffalo in the 2-4-h period between fetal and placental expulsion when oestrogen concentrations remain elevated but decline immediately after placental expulsion (Kamonpatana, 1984 (Fig. 3a) . A precipitous further decline to 0-4 ng/ml occurring 16-30 h before parturition has been recorded in blood samples taken every few hours. A similar temporal pattern has been found for cows (Schams et al., 1972; Hunter, Fairclough, Peterson & Welch, 1977; Kaker, Murray & Dobson, 1984) . Increases in placental oestrogen synthesis occur in buffaloes, cows and zebu over the last 5-10 days. In each study on buffaloes a different oestrogen has been measured but in cows temporal changes of each oestrogen are similar to those in buffaloes (Fig. 3b, c) .
In the cow fetal cortisol concentrations slightly precede but parallel the increase in oestrogen concentrations (Hunter et al., 1977) , suggesting that increased fetal cortisol plays a role in the initiation of parturition in cows as in other species. Definite evidence has not yet been provided for buffaloes and zebu but maternal plasma cortisol values are higher before parturition in swamp buffaloes (Kamponpatana, 1984) , increasing from~2-0 ng/ml on Day -20 to 4-2 ng/ml on Day 0.
Oestradiol values in buffaloes increase with increasing PGFM values (Batra et ai, 1982) . The latter begin to increase about 10 days pre partum from 0-5 to 40 ng/ml at parturition; lower values have been reported for cows, 01 ng/ml increasing up to 0-6-0-8 ng/ml ( Fig. 3d ; Edqvist, Lindell & Kindahl, 1981; Kaker et ai, 1984 (Maule Walker, Davis & Fleet, 1983) . The secretion of oestradiol may be the product of mammary lysis of conjugated steroid rather than endogenous synthesis. These hormonal changes occur immediately before the onset of copious milk secretion.
A two-fold increase of prolactin concentration from 200 to 400 ng/ml occurs 1 day before parturition in buffaloes (Batra et ai, 1982; Kamonpatana, 1984) whereas in cows a 3-5-fold increase has been reported (Hoffman et al., 1973; Thatcher et al., 1980) . However, when pro¬ lactin concentrations were suppressed by bromocriptine administration (Hoffman et ai, 1973) parturition occurred normally in cows. The role of prolactin in the initiation of lactation is not disputed. Measurements in zebu are not available.
Oxytocin concentrations in cows increase sharply from < 3 pg/ml before parturition to 65-150 pg/ml when the calf passes through the cervix. High values are maintained for about 2h, with lower values of 10 pg/ml until the placenta is expelled (Schams & Prokopp, 1979 (Flint, Anderson, Patten & Turnbull, 1974) .
First-stage labour in cows and buffaloes lasts 2-6 h. The period of delivery is about 30-40 min and the placenta is normally shed 2-6 h after birth.
Pharmacological termination ofpregnancy
No data are available concerning the induction of abortion or parturition in buffaloes and zebu, either as a management aid or as a technique to obtain a greater understanding of the control of parturition.
It is possible to initiate abortion in cows by administration of PGF-2a (or analogues) up to about Day 120 of pregnancy, thereafter it is unreliable (Schultz & Copeland, 1981) . From about Day 250 PGF-2a alone is again effective, with delivery occurring 26-48 h after treatment (Johnson, 1981) . The mechanism of action is by luteolysis rather than the uterine contractile properties of PGF-2a and a small amount of progestagen production by the placenta between Days 120 and 250 might reduce the efficacy of luteolysis to initiate parturition. Exogenous glucocorticoids mimic fetal cortisol by altering the placental steroid synthesis at parturition (Wagner, 1980) . Long-and short-acting analogues are available; the former being used between Days 120 and 250 and the latter between Days 250 and 280. Placental retention is lower after the use of long-acting corticoids. Combination treatments of long-acting corticoid followed by a short-acting corticoid analogue 7-10 days later result in more precise synchronization, and better calf survival. The nearer to the end of the pregnancy that these agents are given, singly or in combination, the sooner after treatment will calving occur, and the greater are the chances of calf survival. It is therefore important to appreciate breed differences in normal gestation lengths. For clinical purposes, one problem with corticoid treatment alone is that a live fetus is essential for successful termination of pregnancy; with prostaglandin treatment termination occurs whether the fetus is dead or alive.
Combination treatments of glucocorticoid and PGF-2a terminate pregnancy irrespective of time in pregnancy. Glucocorticoid injection can be followed 10 days later by a PGF-2a analogue (Murray, Nutter, Wilman & Harker, 1982) or both agents can be used at the same time (Mapletoft, Lewing & Wilson, 1984) .
The maternal endogenous hormone profiles are very similar to those around normal parturition (Hoffman et al, 1973; Kaker et ai, 1984 (Luktuke & Subramanian, 1961) . This difference may be attributed to management practices but it is worth considering: (a) the post-partum period, during which equilibrium is regained after pregnancy and calving in order to come into oestrus; and (b) the period from first oestrus to conception. Both these periods involve interrelationships between hypothalamus, pituitary, ovaries and uterus.
Uterus
The size of the uterus decreases markedly over the first 14 days post partum, associated with a concomitant lochial discharge. The involuting uterus approaches its former non-pregnant size by 28 days post partum in suckling swamp buffaloes (Jainudeen et al., 1982) but nearer 45 days in hand-milked river buffaloes (Roy & Luktuke, 1962; El-Fouly, Kotby & El-Sobhy, 1976b ). There are similar figures of 25-47 days for dairy cows, and 37-56 days for suckling beef cows (Morrow, Roberts & McEntee, 1966) . Involution of the cervix parallels uterine involution but it contracts more slowly in the presence of the retained fetal membranes.
After calving the uterus secretes PGF-2a. In cows the post-partum decline in PGFM values is correlated with uterine horn diameter (Eley et al., 1981) . Kindahl, Frederiksson, Madej & Edqvist (1984) suggest that cows with the longest duration of increased PG release also undergo the most rapid uterine involution.
Prostaglandin release occurs at the same time as degeneration of decidual cells (0-10 days post partum) and regeneration of the caruncular epithelium (complete by about 21 days post partum). Edqvist, Lindell & Kindahl (1981) (Singh, Chauhan & Singh, 1979b) . This compares to 19-4 + 3-3 days in dairy cows (Carruthers & Hafs, 1980) . These differences in onset of ovarian activity are further reflected in the later expression of first oestrus at 77-9 + 4-1 days in milked buffaloes, compared to 204 days in dairy cows (Morrow et al., 1966) , 52-2-80-2 days in beef cows (Morrow, Roberts & McEntee, 1969) , and 84-6 days in zebu (Luktuke & Subramanian, 1961) . The incidence of silent oestrus is high in the early post-partum period: 77% at the first post-partum ovulation, with 54% and 36% at the second and third ovulations respectively. The frequency of silent oestrus is related to post-partum oestrus number rather than to the length of the post-partum interval (Morrow et al., 1966 (Batra et al., 1982; Kaker et al., 1984) . There is a suggestion from Pahwa & Pandey (1983) (Jainudeen et al., 1982) gives no support either.
Prolactin concentrations appear to stabilize by 2-5 days post partum in buffaloes at 200 ng/ml (Batra et al., 1982) and in cows at 12 ng/ml (Webb, Lamming, Haynes & Foxcroft, 1980) . The differences in concentration may relate to assay methodology, or to climate because daylength and ambient temperature are important in regulating prolactin release (Koprowski & Tucker, 1973) . High prolactin concentrations, however, are not thought to be antigonadotrophic (Williams & Ray, 1980) or to be the cause of prolonged post-partum anoestrus in cows (Webb et al., 1980) .
Peripheral plasma concentrations of LH in buffaloes are higher on Day 21 than at calving, ranging between 0-22 and 0-78 ng/ml. Baseline values of LH during the 2nd and 3rd week post partum are inversely related to the interval to the first post-partum ovulation (Batra & Pandey, 1983b) . In dairy cows there is gradual increase in tonic LH values from almost undetectable levels at calving to 10 ng/ml around Day 10 post partum (Webb et al., 1980) ; this may be directly related to the removal of the high progesterone and oestradiol values which occurred during pregnancy. An increase in pituitary LH concentration also occurs from parturition until 20-30 days post partum (Wagner, Saatman & Hansel, 1969) . In addition, in dairy cows there is an increased pituitary response in terms of LH release to exogenous GnRH over the period 0-10 days post partum (Lamming, 1978) . Similar studies in suckling swamp buffaloes (Jainudeen, 1984) indicate that pituitary responsiveness to GnRH is restored by Day 30 post partum, but this alone would not account for the very prolonged post-partum interval. In suckling cows there-is a delay in the appearance of LH episodes so suckling may delay the first post-partum ovulation by suppressing pulsatile LH secretion (Carruthers & Hafs, 1980) . After Day 10 post partum in dairy cows, the tonic episodic release of LH in cows is interspersed with preovulatory LH surges. There is an increase in the baseline concentration from 6 days before an LH surge, decreasing to baseline immediately afterwards (Webb et al., 1980 (Dobson, 1978b; Schams et al., 1978; Webb et al., 1980) and it is thought that changes in plasma FSH are not critical for the initiation of the first ovarian cycle.
Plasma concentrations of oestradiol in milked Murrah buffalo increase from low post-partum values of 10-15 pg/ml to values of 20-25 pg/ml at oestrus, during the period 23-177 days post partum. Measurements in post-partum dairy cows reveal low values of 1-3 pg/ml increasing to 6-10 pg/ml around Days 10-15 (Abeywardene, Hathorn & Glencross, 1984; Kaker et al., 1984 Low values of progesterone in plasma or milk are maintained for variable lengths of time post partum until the resumption of ovarian cyclicity. Following the first post-partum ovulation, plasma progesterone values rise to 0-7 ng/ml or above for at least 10 days, then decline before the next oestrus (Webb et al., 1980) . Truly anoestrous buffaloes are easily identified by plasma progesterone values < 0-5 ng/ml on repeated sampling at 3-4-day intervals. Fluctuations in plasma progesterone concentrations closely correlate with luteal morphology and function (Jainudeen, Sharifuddin & Bashir Ahmed, 1983) although a comparison of laparoscopie methods, ovarian palpation per rectum, and hormonal diagnosis of a corpus luteum indicated that, in swamp buffaloes, follicles > 10 mm diameter had a tendency to bulge from the ovarian surface, making it difficult to differen¬ tiate a corpus luteum from a follicle per rectum between 30 and 150 days post partum .
The first post-partum ovulation based on plasma progesterone occurs from 96 ± 22 days in swamp buffaloes (Jainudeen et al., 1982) and beyond 60-90 days in river buffaloes (Perera et al., 1981) . About 25-30% of oestrous periods associated with the first post-partum ovulation were not detected even by a vasectomized bull .
One very interesting paper, albeit about regularly cyclic animals, has important implications for post-partum buffaloes. Plasma progesterone profiles of two groups of buffaloes on two different levels of nutrition revealed long periods of anoestrus in the underfed group, especially during high environmental temperature stresses (Kaur & Arora, 1984) . This may be the basis for the periods of prolonged anoestrus during the post-partum period.
Measurement of post-partum progesterone profiles in dairy cows has revealed quite a different picture. Bulman & Lamming (1978) showed that 77-5% dairy cows under U.K. conditions resumed cycles by 24 ± 0-6 days after calving. This correlates well with the average time of first follicular growth (15 days) and ovulation (20 days) as detected per rectum by Morrow et al. (1966) . In comparison, suckling beef cows resumed ovarian cyclicity by 56-9 ± 2-5 days post partum (Peters & Riley, 1982 
Fertility
As in cows the calving-to-conception and calving-to-first-oestrus intervals decrease with increasing parity in buffaloes Singh et al., 1979b) . Similarly, milk yields increase with increasing parity. Average lactation lengths in buffaloes range from 340 to 349 days with intercalving periods of 391-570 days, emphasizing the uneconomic breeding efficiency. Early return to ovarian activity, and oestrus, is only beneficial if adequate conception rates can be achieved. This reflects the ability of the ovary to produce a viable egg and the successful attraction of the male, and also the ability of the uterus to maintain a conceptus.
There is an increasing rate of efficiency with increasing time after calving (see Table 2 ; there are insufficient detailed data available for zebu). Similar (Cooper, 1974) . It is also possible to inseminate all animals that respond to the first injection and only reinject those not in oestrus after the first injection.
Early work using the double injections 11 days apart resulted in a good response with oestrus 72-96 h after the second injection in buffaloes (Perera, Pathiraja, Kumaratilake, Abeyratne & Buvanendran, 1977; Rao & Rao, 1978) , and zebu (Adeyemo, Akpokodje & Odili, 1979; Nagaratnam, Sooriyamoorthy, Oyedipe & Zakari, 1983) . First-service conception rates at the induced oestrus ranged from 30 to 53%. Later studies with buffaloes (Pathiraja, Abeyratne, Perera & Buvanendran, 1979) emphasized the importance of correct detection of oestrus, AI technique, and adequate nutrition. Buffaloes treated during the breeding season are more fertile than those treated for suboestrus with first-service conception rates of 51-52%, and 25-44% respectively (Rao & Rao, 1979a; Singh, Dugweka, Sharma, Chauhan & Singh, 1979a (Chauhan et ai, 1982) and cows (Dobson, Cooper & Furr, 1975) . In field conditions only 55-72% buffaloes and zebu displayed oestrous symptoms after PG treatment (compared to 80-90% in dairy cows); this may be due to the extra difficulties of initial luteal recognition per rectum because progesterone concentrations at the time of PG injection have been as low as 0-6 ng/ml (Chauhan et ai, 1982; Orihuela, Galina, Escobar & Riquelme, 1983 ).
There have been fewer reports on the use of PGs in swamp buffaloes but results are similar to those obtained from the river-type (Jainudeen, 1976; Kamonpatana, Kunawongkvit, Bodhipaksha & Luvira, 1979a) .
In cows ovulation does not take place before 72 h after PG administration but 95% have ovulated by 96 h (Roche, 1977) . Calving rates of 50-53% occur after fixed-time AI compared to 66% after AI at observed oestrus (Roche, 1977) .
An obvious advantage to the use of PGs is in increased farmer awareness to observe for oestrus over a few restricted days, so that the number of animals served over a given time period is greatly increased. For example, only 10% of a control group of buffaloes were served during a 21-day period compared to 100% of a PG-treated group in the 4 days after a second PG injection (Rao & Rao, 1979a ). In addition, if detection of oestrus is poor, attempts can be made to reduce calving-to-conception intervals; in a U.K. diary herd this interval was reduced by 12-5 days using synchronization (Esslemont, Eddy & Ellis, 1977) .
Progestagens. The major disadvantage of the need for an active corpus luteum when using PGs can be overcome by the use of progestagens. Progesterone itself has a short half-life which makes repeated or continuous application essential. Repeated injections are not very practical.
Oral administration of analogues is also of restricted use due to difficulties in regulating the amount ingested by individual animals, although success has been reported for zebu (Jöchle, 1975; Pant & Sharma, 1979 Roche & Gosling, 1977) . Oestrous symptoms occur in 80-90% animals after PRID withdrawal (buffalo: ; cows: Roche, Prendville & Davis, 1977 (Beai, 1983) .
Using entire buffalo bulls for heat detection and insemination Rajamhendran, Jayatilaka, Dharmawardena & Thamotharam (1980) achieved 8 out of 10 pregnancies at the first posttreatment oestrus. Fixed-time insemination at 48 and 72 h after PRID withdrawal has achieved first service conception rates of 40-46% in studies on a large number of buffaloes in the breeding season (Rao, 1981; . In large studies on dairy cows, suckling beef cows and heifers, first-service conception rates of 50-56% have been reported after a single AI at 56 h after withdrawal, or double AI at 56 and 74 h Drew, Gould & Bulman, 1978) .
The fertility of anoestrous or suboestrous animals is lower than that of cyclic animals. A first-service conception rate of 25-3% was obtained after PRID withdrawal and fixed-time insemination in 150 buffaloes which is comparable to the 27-37% reported by Willemse, Nieuwenhuis, Dieleman & Pieterse (1982) for truly anoestrous dairy cows inseminated 60 and 72 h after coil withdrawal. An additional benefit to the use of PRIDs is that some truly anoestrous animals will continue to cycle if conception does not occur at the first induced oestrus, thus allowing further opportunities to achieve conception. About 50% of those not conceiving do continue to cycle; presumably the remaining animals return to the domination by the adverse factors which initially prevented cyclicity.
The use of PRIDs in swamp buffaloes and zebu has not yet been extensively reported. Norgestomet. It is not possible to make a direct comparison between the use of Norgestomet implants in buffaloes and cows, because the use in buffaloes had included an extra injection of 600 i.u. PMSG at the time of implant withdrawal. There is a very good retention rate of implants (>95%), provided they are placed correctly in the middle of the concave side of the ear. There is a 95-98% oestrus response 25-80 h after implant withdrawal (buffaloes: Rao & Rao, 1979b ; cows: Wishart, Young & Drew, 1977) . First-service conception rates after Norgestomet treatment are lower in buffaloes than in cows although this may be a reflection of general and nutritional status, and AI techniques. Conception rates in buffaloes after fixed-time AI at 48 and 72 h after implant withdrawal were 43-7% in the breeding season (compared to 46-6% in contemporary untreated controls artificially inseminated at observed oestrus). Higher rates of 54-84% have been obtained in dairy heifers after AI at 48 and 72 h (Wishart et ai, 1977) .
The Norgestomet regimen has also been attempted in buffalo heifers and adults not seen in oestrus for at least 3 months previously (Rao & Sreemannarayana, 1983) . Artificial insemination 12 h after observed oestrus immediately following treatment resulted in a first-service conception rate of 15% in heifers and 36% in adults. Some animals showed very weak signs of oestrus and their conception rate was as low as 11%. However, many of the non-pregnant buffaloes came into oestrus again 20-22 days later and conceived to AI at that time. The overall conception rate after two inseminations was 46-2% compared to the rate of 43-7% achieved after one insemination induced at oestrus during the breeding season. The advantage of this regimen can be appreciated especially as only 10% of the control anoestrous buffaloes displayed oestrus over the same time period. The influence of environment especially nutrition was again highlighted in a study by Singh, Singh, Sharma & Nanda (1983) in which conception rates to fixed-time AI after Norgestomet + PMSG were 40% in village herds compared to 61% for a well-managed herd.
Suboestrous suckling beef cows have been treated with Synchromate-B 28^45 days post partum (Miksch, LeFever, Mukembo, Spitzer & Wiltbank, 1978) . Those cows cycling before treatment had a 68% first-service conception to fixed-time AI after treatment compared to 60% for those not seen in oestrus before treatment. The higher conception rates in this study of cows may again reflect nutritional and management status. Kiser, Dunlap, Benyshek & Mares (1980) studied suckling beef cows in marginal body conditions and showed that calf removal for 48 h beginning at implant removal resulted in an increased number of cows displaying oestrus (77% compared to 23%), an increased first-service conception rate (46% compared to 32%) and an increased overall conception rate when the cows were left with entire bulls for 25 days after implant removal (72% compared to 59%). A similar study in buffaloes and zebu would be very useful especially as calves are often traditionally left to suck for long periods of time. Care, however, must be taken to guard against mis-mothering when calves are returned.
GnRH. Prophylactic use of large doses of GnRH given to dairy cows on Days 10-23 post partum have reduced the calving-to-conception interval and services per conception (Bosu, 1982) . How¬ ever, in cows that were truly anoestrous up to Day 35 post partum, the use of a PRID gave better results than a single GnRH injection (Ball & Lamming, 1983) , probably due to the fact that GnRH treatment will only result in normal corpus luteum development if a mature follicle is present at the time of injection. Similarly in suckling beef cows large single doses of GnRH did not induce normal oestrous cycles (Webb, Lamming, Haynes, Hafs & Manns, 1977) , but the multiple low-dose injections (5 µg every 2 h for 48 h) resulted in follicular growth, ovulation and normal luteal function (Riley, Peters & Lamming, 1981) . Data on the use of GnRH in anoestrous buffalo and zebu are not available.
GnRH has also been used at the time of AI in cows to improve conception rates but with doubtful success (Bosu, 1982) . Luteal function has been augmented by GnRH administered on Days 11-13 after AI resulting in increased pregnancy rates in dairy cows (Macmillan, Day, Taufa, Gibb & Pearce, 1985) . Neither of these treatments has been reported for buffaloes and zebu. (Vaillancourt et al., 1979) .
Conclusions
Ultrasonic rectal probes to detect fetal circulation have also been investigated in cows but use is restricted to beyond 8 weeks after insemination and accuracy rates rarely exceed 90%. Real-time ultrasonic-scanning is also now being developed.
Progesterone measurements
In early pregnancy, progesterone concentrations in milk or plasma are maintained at mid-luteal values during Days 18-27, whereas values are very low at this time in non-pregnant animals. Heap, Holdsworth, Gadsby, Laing & Walters (1976) suggested that Days 21-24 were the most appropriate for sample collection from cows and similar conclusions were reached from studies on buffaloes (Kamonpatana et ai, 1979b; Perera, Pathiraja, Abeywardena, Motha & Abeygunwardena, 1980; Singh & Puthiyandy, 1980 Dobson & Fitzpatrick, 1976) . The high fat content of buffalo milk makes consistent sample collection a necessity (Singh & Puthiyandy, 1980) and for cows, studies on fat-free milk (Pope, Majzlick, Ball & Leaver, 1976) or on the fat fraction (Hoffman, Gunzler, Hamburger & Schmidt, 1976) have been attempted to increase the precision of milk progesterone measurements. Kamonpatana, Chantaraprateep & Ngramsuriyaroj (1981) have suggested that progesterone measurements may be a useful aid in addition to palpation per rectum to determine which swamp buffaloes are pregnant in a herd without prior knowledge of insemination dates.
The main advantage of the progesterone test is to pick out the non-pregnant animals: this is particularly useful with buffaloes as symptoms of oestrus are so poor. Repeated samples may aid diagnosis of early embryonic death, anoestrus and tract infections, and although no such reports exist yet for buffaloes and zebu, such use has been made in cows. Analysis of milk or plasma has revealed an incidence of mis-timed insemination ranging from 4 to 13% (Hoffman et ai, 1976; Oltner & Edqvist, 1981) . Hoffman et al. (1976) and Dobson, Rankin & Ward (1977) have suggested that choice of treatments for subfertility would be greatly aided if immediate progesterone measurements were available with the clinical examination.
The development of non-isotopic labelling techniques might allow the possibility of on-farm measurements. Enzyme immunoassays are currently being examined (Kamonpatana et al., 1979b; Arnstadt & Cleere, 1981; Foulkes, Cookson & Sauer, 1982) (Kamonpatana, Parnpai, Ngramsuriyaroj & Srisakwattana, 1983b 
Ovarian abnormalities
The incidence of totally inactive ovaries in abattoir buffalo tracts ranges from 9 to 23% (Smith, El-Dessouky, Al-Ansari, Loftah & Injidi, 1971; El-Wishy, 1979; Samad, Ali, Ahmad & Najibur-Rehman, 1984 ) whereas values of 0-32% and less have been reported for cows (Al-Dahash & David, 1977; Alam, 1984) .
Clinical examinations of live subfertile buffaloes substantiate the abattoir findings; analysis of over 20 000 records of referred cases revealed an incidence of 56-36% ovarian quiescence (Rao & Sreemannarayana, 1982) . In an ovarian palpation study of all buffaloes in a herd up to 45 days post partum, Singh et al. (1979b) reported an incidence of true anoestrus of 174%. This compares with a figure of 5-2% obtained from milk progesterone in cows up to Day 50 post partum (Bulman & Lamming, 1978) . Clinical survey data on zebu from Africa, and from India, have shown that 58-84-8% of functional reproductive failures are attributed to atrophie ovaries and the absence of ovarian cyclicity (Kumi-diaka, Ogwu & Osori, 1981; Rao, 1982) .
In buffaloes and zebu, ovarian quiescence is more prevalent in hotter summer months and the extent of the problem for the clinician can be appreciated when this is coupled with an overall 6% 'silent' ovulations, 3-5% suboestrus, 4-3% anovulatory heats, and 5% luteal persistency. Also of great significance are the observations that about 25% of the corpora lutea in river buffaloes and zebu do not protrude sufficiently above the surface of the ovary to allow accurate diagnosis by palpation per rectum (buffalo: El-Wishy, 1979; zebu: Vaca, Galina, Fernandez-Baca, Escobar & Ramirez, 1983) . In a detailed study comparing laparoscopie observations with palpation findings in swamp buffaloes, 81% of the corpora lutea diagnosed by palpation per rectum were confirmed at laparoscopy (Shariffudin & Jainudeen, 1983) . The overall accuracy of diagnosing ovarian function by plasma progesterone assay was 86%, i.e. not significantly different from palpation accuracy.
Very similar values of accuracy, 89% per rectum and 77-85% from milk progesterone, have been obtained for cows (Dobson et ai, 1977; Watson & Munro, 1980) . In contrast to cows, buffaloes have a lower incidence of cystic ovarian degeneration (data for zebu are not yet available). Abattoir studies revealed an incidence of 1-8% for buffaloes compared to 3-8-5-2% for cows. The differences are accentuated in live cases presented to veterinarians, i.e. 0-91% of referred buffalo cases (Rao & Sreemannarayana, 1982) compared to 8-8-20-0% of referred cows (Tanabe & Brofee, 1982) . There could be two reasons for the higher incidence of cystic ovaries in cows:
(a) there is a higher incidence earlier in the post-partum period (Morrow et al., 1966) (Wagner & Li, 1982 ).
Endometritis
The other major pathological difference, found in the abattoir surveys quoted above, concerns uterine lesions, especially (endo)metritis (3-5-24-7% in buffaloes, compared to^10% in cows), hydrosalphinx (3-1% and <10% respectively) and ovario-bursal adhesions (10-9% and 1-8% respectively). These conditions are often a result of ascending infection. In many Eastern countries it is traditional practice to stimulate the vagina of buffaloes to assist milk let-down. Also, par¬ turition does not often take place in hygienic conditions and human interference is far too frequent, even at normal calvings. These factors, together with extreme heat during the summer months and the wallowing habits of buffaloes, favour infection.
There is a 20-30% incidence of clinical metritis in live buffalo and zebu cases but non-specific infections of other parts of the tract are restricted to < 10%; a lower incidence probably because such lesions are not easily palpated per rectum (buffalo: Rao & Sreemannarayana, 1982; zebu: Kumi-diaka et al., 1981; Rao, 1982) .
As in the cow several micro-organisms are present in the post-partum uterus of the buffalo but many disappear as uterine involution progresses. Organisms frequently isolated from uteri of subfertile buffaloes and cows include Bacillus mycoides, Corynebacterium pyogenes, Escherichia coli, Klebsiella sp., Proteus sp., Staphylococcus sp. and Streptococcus sp. but their significance in uterine involution or fertility is largely unknown (Samad et ai, 1984 Although the uterus is extremely resistant to mycotic infection in the cow, there are reports correlating fungal infection with repeat breeder buffaloes (cited by Samad et al., 1984) .
Repetitive sampling of 93 normal dairy cows for 7 weeks after calving revealed a reducing incidence of isolates with time as well as a fluctuating uterine flora as a result of spontaneous contamination, clearance and recontamination. Only infection with C. pyogenes was found to correlate positively with endometritis (Griffin, Hartigan & Nunn, 1974) .
Examination of the uteri of cows with endometritis yielded a variety of organisms similar to those that affect buffaloes. C. pyogenes was associated with the most severe uterine changes especially if in conjunction with Fusobacterium necrophorum (Ruder et al., 1981) . Data from zebu
are not yet available.
Endometritis in the cow is one cause of temporary subfertility (Fonseca, Britt, McDaniel, Wilk & Rakes, 1983) and permanent infertility may result from degeneration and fibrosis of the endometrium or a blocking salpingitis (Vandeplassche & Bouters, 1982) .
Treatment of endometritis using local antibiotic therapy gives variable and often disappointing results (de Bois, 1982) . Treatments aimed at the establishment of oestrous cycles would seem logical and if a corpus luteum is present the use of exogenous PG would seem appropriate (Jackson, 1977; Coulson, 1978 Further clinical data are required for each species to determine the most appropriate treatment and subsequent effects on fertility.
Retained fetal membranes
The incidence of membranes being retained for > 12 h after normal parturition is 2-10% but can be as high as 20-30%; after obstetrical problems an incidence of 23-55% has been reported for buffaloes (Samad et al., 1984) and cows (cited by Arthur, Noakes & Pearson, 1982) . Shorter intrauterine life-span of the fetus has been put forward as one predisposing cause in buffaloes (Awad, Youssif & Mikhah, 1980) which would concur with suggestions for the condition in cows (Grunert, 1984) (Grunert, 1984 Tuberculosis is also more or less eradicated from western populations of cows; the incidence in buffaloes is not available. Similarly Trichomonas fetus is more or less under control in western cows; the incidence in buffaloes is not documented.
Leptospirosis in buffaloes and cows is not associated with a high incidence of abortions. How¬ ever an incidence of 33^45% has been associated with repeat-breeding and anoestrous buffaloes (Samad et al., 1984) . Recent serological surveys of cows in Britain have indicated that subclinical infections of Leptospira sp. may be more prevalent than previously thought (Ellis O'Brien & Cassells, 1981) .
Hormonal induction of lactation
In view of the prolonged periods of anoestrus in buffaloes and zebu which are aggravated by seasonal changes in reproductive efficiency it may be pertinent to investigate the possibility of inducing milk production by the application of exogenous hormones. For over 40 years attempts were made to induce lactation artificially in dairy cows, but this involved prolonged hormone administration with low rates of success. However, Smith & Schanbacher (1973) NuUiparous or multiparous animals can be selected for treatment, usually those not seen in oestrus or those failing to conceive, but animals that abort early in the previous pregnancy can also be included. Initial studies began with twice daily subcutaneous injections of 005 mg oestradiol/kg body weight plus 0-125 mg progesterone/kg body weight given for 7 days, and attempts to reduce the variability of response have included the addition of dexamethasone, or reserpine, or thyrotrophin-releasing hormone to the regimen (Lembowicz, Rabek & Skrzeczkowski, 1982) .
Animals must have finished lactating for at least 1 month before hormone therapy to allow regeneration of the mammary epithelium. Production of milk is achieved in about 70% of the treated cows beginning 3-4 weeks after the start of treatment and reaching peak production 5 weeks later. In animals that do respond, colostrum is formed normally. Reports vary concerning the total milk yield but it would appear that yields obtained are 70-100% of previous production figures (Collier, Bauman & Hays, 1975; Tervit et ai, 1980) .
Although the reproductive performances of only small numbers of cows have been studied, it appears that subsequent fertility is reasonable. Cows first come into oestrus 10-94 days after initiation of lactation and, in spite of frequent oestrous activity in some cows with cystic ovaries, pregnancy rates of 56-69% can be achieved. Reduction of the duration of steroid therapy to 5-5 or 3-5 days decreases the incidence of cystic ovaries (Lembowicz et al., 1982 (Drost, Wright, Cripe & Richter, 1983 ), although such techniques will provide minor improvements compared to those gained by changes in breeding and manage¬ ment practices. Application of exogenous hormones to hasten puberty, to induce parturition or lactation, and to ensure earlier post-partum return to ovarian cyclicity have been mentioned, but again these are of major use in research, rather than in field, applications: simpler techniques of improved management will make greater impact on the world's buffalo and zebu populations along with attempts to improve the education of herdsmen in such areas of husbandry. It is also important to re-emphasize the importance of surveys and research on small village herds of buffaloes and zebu as this is where the majority of animals are kept.
It would appear that the generally low reproductive efficiency of zebu may be overcome by improved nutrition although this may not always be economical or possible. This species is better adapted to hot climates than the cow due mainly to skin attributes and disease resistance, and has excellent longevity with little dystocia (Turner, 1980) . Therefore, in spite of the slow growth and low reproductive efficiency, crossbreeds of the two species are extremely valuable. For example, 50% Red Danish cows Sahiwal zebu increased the first lactation yield from 1000 kg for pure Sahiwal to 2000 kg with a subsequent calving interval of 443 days compared to 467 days for the pure Sahiwal and 525 days for the pure Red Danish under similar conditions. The crossbreds also had lower abortion rates and calf mortality rates (Madsen & Winther, 1975) .
If a decision is to be made whether to produce milk from buffaloes or zebu cows in (sub)tropical areas, one of the major considerations involves the availability of different types of fodder. Calcu¬ lation of financial returns over feed costs reveal very similar figures for both species if assessed on the basis of volume of solids-corrected milk. However, the superiority of buffaloes in obtaining nitrogen and mineral needs from poor quality forages may make them worth more than zebu for many situations (Sebastian, Mudgal & Nair, 1970 
